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INTRODUCTION
The origin of wind energy may be traced back to Persia some 1,000 years before Christ, when individuals introduced windmills.

This was primarily used in mills to enhance the color of their cerise. Centuries passed, and study and alerts of progress were made till the present day. A corporation called as ACCIONA developed throughout the years, resulting in a huge breakthrough in the creation of wind power. They were able to develop magnificent wind turbines after going through various research projects for roughly 25 years, and they have supplied some significant background expertise in the creation of better and more efficient wind turbines.
BODY 
In this post, my primary focus is on wind power, which is electrical energy created as a consequence of a mechanical force or power being linked to a generator to produce the driving force needed or necessary to run the generator, resulting in clean and renewable electrical energy. In contrast to non-renewable energy sources like fossil fuels, this energy type is clean in the sense that it has little to no environmental impact.
Wind power is practically handled by strategically erecting a number of wind turbines, which is known as a wind farm. This wind farm consists of a number of separate wind turbines that are connected to the electric grid through a transmission line system. Some power experts released statistical data in 2019 that showed wind provided about 1600 TWH of electricity, which was more than 5% of all electricity generated globally.

In China, for example, more than 100 GW of capacity will be installed by 2020. This resulted in a global installation capacity of more than 730 GW. To achieve the Paris Agreement's climatic change goals, it was planned that wind power will be expanded at a rate of 1% each year.

Regardless of the green-energy goal set forth by energy expects, its spread is hampered by various policies that lower consumer or customer prices below market levels, raise supplier prices above market levels, or even lower customer and supplier costs. Energy subsidies are direct cash or money transfers to suppliers, customers, and other stakeholders, as well as indirect support measures including tax exemptions, trade restrictions, and market access restrictions.

The worldwide renewable energy agency published a study in 2020. This analysis revealed that certain governments were investing excessively in favor of fossil fuels, which have a negative impact on the environment, rather than green energy. Only 20% of the money was spent on renewable energy, while 70% was spent on fossil fuels. Bio fuels received 6% of the vote, whereas nuclear energy received only 3%. In 2021, a report was collected. The "guardian" published an article in 2021 on an IMF study that highlighted the fossil fuel industry or sectors receiving a subsidy of 11 million dollars per minute and trillions of dollars per year, indicating that fossil fuel costs are rising.

They wouldn't be able to reduce overall carbon (Co2) emissions by more than a third if their real cost was taken into account. With all of these estimates, eliminating fossil fuel subsidies is critical for any government to minimize carbon emissions.

This will be reduced in order to minimize air pollution, which poses several health risks. According to estimates, the costs of air pollution caused by the use of fossil fuels total around 2.9 trillion dollars per year, or $8 billion on a daily basis. In terms of cost-benefit evaluations, land-based wind farms are a less expensive source of energy or electric power than power generated by a cooling or gas plant. When compared to other low carbon power sources, wind turbines have a median value of 12 and 11(gC02 eq/kwh), according to the IPCC.
As a result, wind turbines have one of the lowest global warming potentials per unit of generated power. Wind farms near the coast can have significant aesthetic and landscape implications.

Wind farms often require more area than conventional power plants, owing to their low surface power density, which necessitates a lot of separation.

Even though the land between the turbines and the roads can be used for agriculture, the network arrangements between transmission lines and substations can cause "energy sprawl," which is characterized by irregular plant growth around the equipment.

Because it is a variable renewable energy, power management techniques may be used to match supply and demand requirements. This might be a hybrid power system that uses both wind and hydroelectric electricity. It also allows for the preparation of the electric power network by anticipating variations in output utilizing weather forecasting as a primary instrument. Many wind turbine blades are composed of fiber-glass, which has 10- to 20-year life duration. Wind energy also produces noise, which is somewhat louder than a refrigerator when heard from 1.5 kilometers away. The resulting noise becomes inaudible.

The Navy in the United States, for example, has discovered that massive wind turbines near its air bases have a detrimental influence on radar and impede the operations of air traffic controllers.

Albert Betz, a German physicist, demonstrated that a perfect wind energy extraction mechanism that respects the fundamental rules of mass and energy can only catch 16/27 (59 %) of the wind's kinematic energy. This is known as the Betz limit theory, and it may be applied to current turbine design in order to achieve 70 to 80% of the theoretical Betz limit. 

The designees, of the installations rotor hub, nacelle, and construction of the generator towers, its controls, and foundation at large must all be addressed by this aerodynamics of the wind turbine blades..
CONCLUSIONS AND RECOMMENDATIONS CONCLUSIONS
Wind turbine technology has demonstrated its capacity to contribute to the country's energy demands. If every place with acceptable wind characteristics was fully utilized, it might generate up to 10% of the country's electrical energy. The restriction is imposed owing to worries about the stability of the utility infrastructure rather than a lack of suitable site sites. As is the case with other energy investment decisions, the ultimate penetration level will be determined by the cost of energy produced. This is determined by the wind energy plant's startup cost as well as annual maintenance and operation expenditures. Because a number of U.S. electric power companies are continuing to develop capacity, there will be an opportunity to offer a new, longer-lasting design for a wind turbine system. Wind power also benefits from the public's rising interest in environmental issues related to energy generation. A new wind turbine system will almost certainly leverage advances in semiconductor power electronics to enhance energy production and provide reactive power management, making wind-generated electricity more appropriate for utility usage. The most major innovation will be the creation of less priced, longer-lasting, and more efficient rotors. The desire to develop a consistent high-quality product at a reasonable cost should be balanced against the need to integrate aerodynamic forces with material structural reactivity.
A wind energy system like the one described above is within engineering practice, according to this committee, which looked at the wind turbine experience base and the Department of Energy's R&D programs. Nonetheless, there are certain knowledge gaps. Without costly and wasteful trial and error, this goal will require some necessary research and development. The Department of Energy will have to invest in R&D due to the fragile nature of wind power equipment manufacturers in the United States. The committee will be unable to conclude its work without discussing the situation of the wind power equipment industry. Due to a decrease in the number of machines installed in the last five years since the tax incentives expired, there is currently just one big integrated manufacturer in the United States. Additionally, just a few companies produce blades. Furthermore, a major Japanese producer has lately entered the worldwide market, joining a lengthy list of European manufacturers. As a result, the US industry is unable to invest in the R&D necessary to gain global technological leadership in what the committee sees as a growing global market for wind power in the future. The committee forecasts a considerable reduction in fossil fuel energy sources in the United States in the future. When these elements are combined, The rationale for fully developing wind power becomes more persuasive as public interest in environmental issues in energy generation grows. Specific research tasks that must be completed are indicated in the guidelines below. These study activities are given in approximate order of priority within each category of research—materials, manufacturing, structural response, and so on. However, we would want to underline that the overarching goal of a research and development program should be to develop a system for producing longer-lasting, less expensive, and more efficient wind turbine rotors. Increased understanding of blade fatigue properties and failure mechanisms should be prioritized, but this cannot be separated from the search for better manufacturing processes or design innovations that will either reduce the likelihood of failure or alleviate the aerodynamic constraints of blade shape that stifle process innovation. The committees want to stress that the four tiredness variables, in the drive to create a more cost-effective blade, manufacturing, innovative materials, and design are all intertwined.
RECOMMENDATIONS FOR RESEARCH
Recommendations are divided into four categories. The end of Chapters 2, 3, 4, 5, and 6 contain more extensive recommendations.
Goal 1: Improve the material qualities and design capability of the structure so that it can endure larger stresses or the same degree of stress for a longer duration.

Under acceptable environmental circumstances, long-term fatigue data for the most prevalent glass-reinforced plastics (GRP) laminates and key elements should be developed. If possible, the data should be run for 108 to 109 cycles at R = 0.1 (tension and compression) and R = -1 (compression) (fully reversed). An exhaustive search of all GRP composite fatigue data should be undertaken and published in a location those blade designers can access. This should become a wind turbine blade material database.
Designers of domestic blades should have access to a complete set of mechanical data on wood/epoxy laminates, including fatigue data. This material should be subjected to very high cycle (108 to 109) fatigue tests to compare its fatigue response to that of GRP materials.
Through design studies and limited blade testing, the potential benefits of significant weight reduction in blades (about 50 to 70 percent) while maintaining required stiffness through the use of hybrid composites (in which carbon or aramid fibers are placed in critical blade locations) should be investigated. Because of the significant industry reluctance to use materials more expensive than E-glass/vinyl ester or wood/epoxy, the critical use of cost models must be a prerequisite in this.

Goal 2: Change the structural/configuration design to reduce operating stress levels.
For determining sectional elastic constants in composite blades with elastic couplings, simple cross-sectional analyses and computer algorithms must be created. Blade factors such as curvature, twist, taper, and, most importantly, completely general material/geometry should all be taken into account by these design tools..

Wind turbine blades should be designed using an aeroelastic design code. Aeroelastic tailoring as a passive control method might then be investigated.
It's time to start looking into new active control approaches for wind turbine blades. This should be aimed at a new generation design that reduces gust loads to a minimum, minimizing blade overdesign.
SUGGESTED CITATION: "7 CONCLUSIONS AND RECOMMENDATIONS." National Research Council. 1991. Assessment of Research Needs for Wind Turbine Rotor Materials Technology. Washington, DC: The National Academies Press. doi: 10.17226/1824..
Goal 3: Improve the blade production process to reduce cost and quality differences.
Resin transfer molding has shown capable of creating high-quality fan blades with diameters up to 40 feet. Prototype experiments for producing GRP blades using this technology should be carried out. To improve producibility, the study must involve trade-off analyses of manufacturing cost and quality versus aerodynamic efficiency losses.
Material into small has been shown to be capable of producing low-cost GRP blades with a rather wasteful constant width. When compared to typical wind turbine blade geometries, aero elastic tailoring may somewhat compensate for the lack of twist and tapering plan shape. A feasibility analysis should be carried out.
New production techniques must be accompanied by full-size blade fatigue testing. The design details and material quality can only be certified for the manufacturing process this way. There is a need for baseline investigations on blades produced by present technique.
Goal 4: Reduce the cost of blades to the point that they are cost-effective to replace on a regular basis.
The technique indicated in objective 4 may be feasible because fatigue fracture propagation is slow in GRP composites and is thought to be visible during annual tower-top inspections. Extensive and costly high-cycle fatigue testing would be unnecessary. Eliminating the uncertainty in long-term service accounting in design calculations would save a significant amount of weight. If manufacturing studies reveal a significant reduction in blade life-cycle cost, a comprehensive feasibility study with a realistic cost model should be done. Wind Turbine Rotor Materials Technology Research Needs Assessment, published by the National Academies of Sciences, Engineering, and Medicine in 1991, is available at https://doi.org/10.17226/1824. The National Academies Press, Washington, DC.In the foreseeable future, wind energy has shown to be an excellent source of clean electricity for civilization. This solution is long-term, and it is clear that harnessing wind energy as a lasting solution to the world's present energy shortages can be sustained.

LESSONS LEANT FROM THE ARTICLE
So many lessons have been learnt from the article and below are a few which is well noticed. 
i. Wind energy is a renewable source of energy that offers a clean supply of electricity, allowing humans and other living things on the earth to continue to live. It is non-polluting, and the amount of noise produced may be kept to a minimal minimum.

ii. With the application of the Betz rule to energy conservation, new wind turbines with maximum efficiency while being compact in size will be possible in the near future.

iii. The unlawful and inter-political transfer of monies to power plants in order to promote fossil fuels over wind energy development. As a result, the cost of producing wind energy might skyrocket. It will be very valuable in my field of research into how to harness wind energy in smaller units or quantities, thereby providing clean energy for my local community in some regions of Ghana, if the knowledge gained from this study is put to use. This reduces the load on the national grid while also improving and preserving the environment.

WHAT ARE THE ARTICLE'S HIGHLIGHTED DETAILS?
These are the specific details that are highlighted in this article:
1. Wind turbines: - This is a simple device that converts kinetic energy from the wind into electrical energy.
2. Generate electricity:-The procedures of generating electrical power from a main source are referred to as this.
3. Sustainable Energy :- This is the energy that, when created, will fulfill current needs while not endangering future generations by harming the ecosystem or exerting a negative impact on the environment, which includes human and other bio areas.
4. Renewable energy:- Renewable energy is energy that is derived from a renewable source that is renewed on a daily basis, such as the sun, wind, rain, waves, geothermal heat, and so on.

5. Environmental Impact: - When compared to other forms of electricity, such as fossil fuel power, the environmental impact of wind energy is considered modest since it is one of the sources with the lowest carbon emissions, which means it has a low potential for global warming.
6. Fossil Fuel: - This is a substance made up of the remnants of dead plants, animals, and human extract that has a high amount of hydrocarbon. This is burned to release energy for use.

7. Wind Farms: Also known as wind power stations, wind farms are a collection of wind turbines that are all positioned in the same location and used to generate energy.

8. The electric power transmission network is the bulk conveyance of electrical energy from a producing center to an electrical substation. This consists of a network of interconnected wires that transports the produced electricity to the substation.

9. TW.h:- This is the set of SI prefixes that apply to the Watt-hour, and it is commonly referred to as terawatt. It has the mathematical notation of 1012 and is commonly used for the metering of huge amounts of electrical power consumption.
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